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Abstract 
Aspects such as mass development of horizontal housing with inappropriate designs for a region 
with warm and dry climate, the incessant investment in electrical energy, the continuous growth of cities 
towards the outskirts, and the downward trend in population density give rise to excessive energy 
consumption. This paper presents a study on the horizontal growth in the city of Hermosillo, Sonora, 
Mexico where the climate is warm and dry and the use of air conditioning is essential. In Hermosillo, 40 
dwellings develop per hectare, which lack bioclimatic strategies and need to be supplied with electrical 
energy, street lighting, and urban infrastructure. In other cities such as in central Europe, up to 300 
dwellings are developed per hectare and in South America, 150 dwellings per hectare. In these major 
cities, vertical housing is developed, which restrains territory growth. Based on this study, it can be 
demonstrated that sustainable vertical housing for warm dry climates such as the one in the State of 
Sonora can provide significant saving on electricity consumption and urban infrastructure in comparison 
to the mass development of horizontal housing with no bioclimatic techniques. This saving can be a 
determinant in the development of sustainable vertical housing. 
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1. Introduction 
 
In the 2012 work program of the National Housing Commission in Mexico (CONAVI-Comisión 
Nacional de Vivienda), one of the main actions for the strengthening of their projects and programs is to 
encourage the complementary mechanisms for land use planning, along with local programs for urban 
development that control the horizontal and peri-urban expansion, and the construction of vertical 
housing in town centers that allow optimal soil and public infrastructure exploitation. Moreover, they 
promote financing structures and incentives to quality sustainable housing, constructed and designed with 
quality materials and equipped with energy and water saving devices [1]. In Mexican States such as 
Nuevo Leon, vertical housing has began to be constructed with the purpose of increasing population 
density in their territory, as stated by the General Director of the Housing Institute of Nuevo Leon; one of 
the biggest challenges faced by the City metropolitan area of Monterrey in relation to urban development 
is the increase of population density in the city. The urban zone that has developed around Monterrey 
over a period of six decades has grown in a disorderly and horizontal manner, giving rise to an exclusive 
dispersed city which entails serious and costly inefficiencies. Vertical construction is the most appropriate 
mechanism to achieve higher urban density [2]. 
Hermosillo, Sonora is located at latitude 29°5´ N and longitude 110°57´ W from the Greenwich 
Meridian at a 250 MSNM altitude in the northwest region of Mexico.  The city has a desert climate with 
annual temperatures that fluctuate between 2°C and 48°C with an annual average temperature of 25°C. 
The annual average wind speed is 3m per second. 
 
 
Fig. 1. Location of the city of Hermosillo 
 
The population density in the city of Hermosillo keeps lowering, while the territory occupation gets 
higher; this contributes to energy consumption. The gross population density for the year 2010 was 52.7 
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inhabitants per square kilometer, with a tendency to reduce [3]. A growth in the urban area with 
investment in infrastructure that can be prevented is observed. In 2005, the city of Hermosillo had 
182,207 types of housing and 695,193 occupants and from these occupants 1.91% dwelled in an 
apartment in a building [4]. In 2010, less than 0.93% of the occupants dwelled in an apartment in a 
building [5]. The proportion of housing in a building in Hermosillo is lower than the national average 
which is 5.1 percent [6]. In regard to thermal performance of buildings, the rooftops absorb 70% of solar 
energy and if they are made of concrete and dark colored, they can reach up to 70°C [7]. Based on this 
principle, if the rooftops are the main form of solar gain, vertical construction reduces the gain due to the 
apartments located above, lowering the temperatures of the interior spaces. This could reduce the use of 
energy to air-condition. Barrios, in his analysis of thermal performance indicators of a non-air 
conditioned building envelope, indicates that the most used indicator is the total thermal resistance         
(R-Value) or, alternatively, its inverse, the overall coefficient of thermal transmittance (U-value). This 
indicator is based on a steady state heat transmittance analysis (i.e. independent of time) [8]. When time 
dependent heat transmittance is taken into account, the most used group of indicators is the decrement 
factor (DF) and time lag (TL). DF measures the reduction of amplitude of temperature oscillation in the 
interior in contrast with the exterior temperature [9]. In this study, a comparison is made between the 
thermal performance of a horizontal building and a vertical one, analyzing the average temperature in the 
interior, the decrement factor, and the comfort zone for both building types with no air conditioning. The 
main objective of this study is to contribute to thermal performance research in the interior of buildings, 
making a comparison between vertical and horizontal buildings.  
 
2. Description of Case Study 
 
For the analysis, two case studies have been considered. The first one is a building located in the city 
of Hermosillo, Sonora, which has an area of 20.00 m2. It is a one-floor building with a common area and 
one bathroom. Figure 2 shows the building facade, and figure 3 shows the architectural floor plan. The 
construction system is a concrete surface with walls made of concrete blocks filled with mortar of 15cm 
of thickness. The wall facing west is insulated with a 1 inch insulated plate of polystyrene. The roof is 
made of joist and joist-filler-block, insulated in the exterior with a 2-inch plate of polystyrene and a white 
waterproof membrane. This is one of the most used housing construction systems in the region. The 
windows are made of aluminum and glass solar filter with an external wire mesh that filters sun radiation. 
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Fig. 2. Exterior image of monitored horizontal space. 
 
The second case is an apartment building located in Hermosillo, Sonora. It is an area of land of 
3,030.00 m2 and located in a 12-story apartment building. For this research, the seventh floor was taken as 
a sample, monitoring two apartments, one located on the southwest side and the other on the northwest 
side of the building. Figure 4 shows the vertical construction and figure 5 shows the architectural floor 
plan. The construction system is reinforced concrete mezzanine slabs, walls made of exterior drywall held 
by a structure with no thermal insulation in any direction. 
 
 
Fig. 3. Monitored horizontal space, architectural floor plan. 
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In total, three spaces have been monitored; one is the horizontal building and the other two in the 
vertical building. In these three cases, the spaces are not inhabited or air-conditioned. 
 
 
Fig. 4. Image of the exterior of monitored vertical building. 
 
 
Fig. 5. Monitored vertical space, architectural floor plan. 
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3. Definition of Parameters 
 
Next, the parameters used to analyze thermal performance of the buildings are defined. 
3.1 Average interior temperature 
It is the average air temperature value in the interior. 
 
3.2 Decrement factor (DF) 
The Decrement factor (DF) measures the proportion of amplitude of temperature oscillation of air in the 
interior in relation to sol-air temperature [10], and it is defined as,   
max min
max min
Ti TiDF
Tsaext Tsaext
   
 
Where max minTi Ti are the maximum and minimum interior air temperatures, respectively, and  
max minTsaext Tsaext  are the maximum and minimum exterior sol-air temperatures, respectively.  
 
3.3 Confort Zone 
Thermal comfort is the condition of mind that expresses satisfaction with the thermal environment. 
The thermal comfort range for a typical interior space where the occupants carry out activities levels that 
result in metabolic rates between 1.0 and 1.3 met and where clothing is worn that provides between 0.5 
and 1.0 clo of thermal insulation is between 25°C and 28°C [11]. For the analysis, a neutral temperature 
of 27°C has been considered 
 
4. Analysis of Parameters 
 
Figure 6 shows the average interior temperatures of the studied cases for the month of May. The 
space located in the vertical building in the south area presents the lowest average temperature of 
29.20°C. In the north area of the vertical building, the average temperature is 30.50°C, while the 
horizontal building is the one with the highest average temperature of 31.11°C. 
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Fig. 6. Average interior and exterior temperatures. 
 
 
 
Fig. 7. Sol-air decrement factor for each case. 
 
Figure 7 shows the decrement factor for the three cases. The one with the best performance is the 
vertical building in the south zone with a value of 0.37. In the north zone of the vertical building, the 
value is 0.40 and in the horizontal building has the highest decrement factor of 0.45 
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Fig. 8. Interiors, exterior, and neutral temperature, first and second week. 
 
 
 
Fig. 9. Interiors, exterior, and neutral temperature, third and fourth week. 
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Figure 8 and 9 show the interior, exterior temperature, as well as the neutral temperature behaviour 
per week for the month of May in the three different spaces. The horizontal building is farther from the 
comfort zone reaching a maximum interior temperature of 35.34°C and a minimum of 24.90°C. Next is 
the vertical housing in the north zone with a maximum interior temperature of 34.30°C and a minimum of 
25°C. Then we have the vertical building in the south zone with a maximum interior temperature of 33°C 
and a minimum of 24.50°C. 
 
5. Conclusions 
 
Three spaces were anlayzed to compare a horizontal building and a vertical one for the month of May 
in the city of Hermosillo, Sonora, Mexico. Despite the fact that the horizontal building has thermal 
insulation and the vertical building does not have an adequate bioclimatic design, the latter presents lower 
interior temperatures. The results of this analysis can be extended to the use of an adequate bioclimatic 
design for vertical buildings; more significant results can be obtained in relation to thermal performance 
and energy saving. 
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